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 * P    % *$$  
 P " |P | = n(GoM )	
96: "  %3 v ∈ P " in(v) = r "   %* vr    (vr)2
9<: "  %3 v 
∈ P " in(v) = r "  " %* vr  vr+12
9=: "   P = (v0, v1, ..., vn(G
o
M )−2) " |P | = n(GoM ) − 1 "  
 (vii ∨ vii+1), (v¯ii ∨ v¯ii+1)  i = 0, 1, ..., n(GoM )− 2    (v¯jj+1 ∨ v¯j+1j+1)
 j = 0, 1, ..., n(G0M )− 32
9;: "  $ [v,w] ∈ E   v ∈ P w 
∈ P  in(v) = in(w) = r 9	
in(v) = in(w) + 1 = r + 1: "    (v¯r ∨ w¯r) 9	 (v¯r+1 ∨ w¯r+1):2
9>: "  $ [v,w] ∈ E   v,w 
∈ P  in(v) = in(w) = r 9	 in(v) =
in(w)+1 = r+1: "    (v¯r∨w¯r), (v¯r+1∨w¯r+1) 9	 (v¯r+1∨w¯r+1):2
9?: "  $ [v,w] ∈ E   v,w ∈ P  in(v) = in(w) = r "  
 (v¯r ∨ w¯r)	
(  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* vr 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
  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$ %3 v "  r 		 c(v) = r	 .   %3 v ∈ P
" *  " c(v) = in(v) 9 96::   %3 v 
∈ P " *  "
c(v) = in(v)  c(v) = in(v) + 1 9 9<:  9=::	 1  $    n(GoM )
	 1  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    (v, u) ∈ U " % c(v) < c(u) 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  96: 9;: 9>:  9?:     [v,w] ∈ E c(v) 
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 γM (GM ) = n(GoM )	
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      %3 v ∈ P "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*  " c(v) = in(v)   %3 v 
∈ P " *  " c(v) = in(v) 
c(v) = in(v) + 1	   %* vr $ 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    R+  c(v) = r
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 GM 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$ %3
vi 9 vi       ni = 1  P = {vi}:	 .  ni = in(vi)+out(vi)+1	
4 h ≥ |P | *  $	  7 Si     *   vi   "%
vi    c(vi) ∈ Si  3  $ c  GM 9"  * *  :
" c(v) ≤ h− 1   v ∈ P 	  %  "$ 	
 -!-  P = {v1, v2, ..., vi−1, vi, vi+1, ..., vni}   
 	  
GM  vi  
 h ≥ |P |   	 $ Si = {in(vi), in(vi) +1, ..., h −
(out(vi) + 1)}
# !        *   vi  in(vi)	 ( 
c(vi) = in(vi) + q " q ≥ 0	     % v1, v2, ..., vi−1 " 
c(v1) = in(v1), c(v2) = in(v2), ..., c(vi−1) = in(vi−1)  % vi+1, ..., vni " 
c(vi+1) = in(vi) + q + 1, ..., c(vni ) = in(vi) + q + ni − i	 .  ni − i = out(vi)
 P   $   $ vi	 1 c(vni) = in(vi) + q + out(vi)	 1
" " $  * $ c  GM 9 %  GM  *$$  P  
*  :     c(v) ≤ h − 1     v ∈ P  "
%  in(vi) + q + out(vi) ≤ h − 1 		 q ≤ h − (in(vi) + out(vi) + 1)	 1 Si =
{in(vi), in(vi) + 1, ..., h − (out(vi) + 1)}	 
 " "    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 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%  "	 8 p-  p %    p-	 B%  p- Tn  n
% "   p-  n+1 % * 0$  " %3 vn+1  Tn "
  0   %3   p-  Tn  0   $
n − p %	 8 	
 p	    *$   p-	 @ "  
 p-  p ≥ 2	
  "    p- G = (V,E)	 (    $ [vi, vj ] ∈
E "  " %  $  "  $ <	?	 
 * G′  $ " *	
 %  "$ 	
 -$-  G   	
 p	 $ G′  
  	
 p	
# ( G    p-     *$   p- Tp	 . 
[vi, vj ] ∈ Kij  Tp " Kij   (p + 1)-	   T ′ "   $ *
* $  G′   $  %  Tp "    G	 !   " 
G′    p- " 0   " " $  *   T ′  #  *
 p- T ∗	
  " %3 ws1 s = 1, ..., r #  0  vj   p − 2 % 
Kij − {vi, vj}	  *   s  (p+1)- Ks1 $ ws1	 ) " %3
wst s = 1, ..., r t = 2, ..., r + 1  #  p − 2 %  Ks(t−1) − {ws(t−1), vj}	 
*    s  t t 
= 1  (p+1)- Kst $ wst	    $
$   p-   G′    p-	 
=6

 #  & 	% 	  ' %

$ <	? ." %  $   [vi, vj ]	
! S==T   "  S(GM , k) 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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 %*   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 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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  GM = (V,U,E)   	
 p	 	
 p
#       LiCol * "  #"  * %* 
O(np+2)    p- 9 S;>T:	
  vl ∈ V "       "  L(vl) = {0, 1, ..., k − 1}	  
%3 vi ∈ V "        "  L(vi) = {in(vi), in(vi) + 1, ..., k−
(out(vi) + 1)}	    (vi, vj) ∈ U   k − (out(vi) + 1) > in(vj) " 
" %  $  "  $ <	? " r = k − (out(vi) + in(vj) + 1)	  




{in(vj) + s, in(vj) + s+ 1}  1 ≤ s ≤ r  t = 1;
{in(vj) + s+ 1, in(vj)}  1 ≤ s ≤ r  t = 2;
{in(vj) + t− 3, in(vj) + t− 2}  1 ≤ s ≤ r  3 ≤ t ≤ r + 1.
$ <	M "   " " % L(vi) = {3, 4, 5, 6} L(vj) = {4, 5, 6, 7}  k = 8	 
 " % "  L(w11) = {5, 6} L(w12) = {6, 4} L(w21) = {6, 7} L(w22) = {7, 4}
 L(w23) = {4, 5}	 1 " "   " %3 vj  $      
 %3 vi	
 $    $ " *  "  $ G′ "    
p- 9  <	6;:	  "  "  %3 v  G′  
L(v)  $   L(v) ⊆ {0, 1, ..., k − 1}	 1 " $     LiCol
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    L(vi) =
{3, 4, 5, 6}  L(vj) = {4, 5, 6, 7}	
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$
 S(GM , k)	   $ [vi, vj ]  G′ " %  c(vi) 
= c(vj)   c(vi) 
= c(vj)
  [vi, vj ]  (vi, vj)  GM 	   "   (vi, vj)  GM 	  %  %
 c(vi) < c(vj)	 ! c(vi) ≤ in(vj) "  %  c(vi) < c(vj)	 (  
c(vi) = in(vj) + q q > 0	 !   %3 wq1    in(vj) + q + 1 
% wq2, ..., wq(q+1)  %  in(vj), ..., in(vj) + q − 1    	 (
 %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 S(GM , k)  " R+	
 %  "  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		 c′(v) ∈ L(v)	 !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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 c
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$  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